Abstract. Effect of viscous dissipation on MHD thermal boundary layer flow over a nonlinearly stretching sheet is studied. The Navier-Stokes equations and the heat equation are reduced to two nonlinear ordinary differential equations via similarity transformations. The effects of the various parameters on the velocity and temperature profiles are presented graphically and discussed.
INTRODUCTION
The flow over a stretching sheet has caught attention of many researchers due to its wide industrial applications, especially in manufacturing processes such as metal and polymer sheets production, aerodynamic extrusion, cooling of electronic chips, crystal growing and maintenance of characteristics of the final products. Boundary layer flow over a moving continuous solid surface was first studied by Sakiadis [1] . Crane [2] extended the concept to include variation of linear surface stretching speed in a quiescent fluid. Since then, many aspects of the flow over stretching sheets have been investigated by other researchers. Gupta and Gupta [3] considered the suction and blowing effects in the flow. Some of the more recent works of boundary layer flows over a linearly stretching sheet can be found in [4, 5, 6, 7, 8] .
The literature on boundary layer flows over a linearly stretching sheet is abundance. However, very little attention has been given to the flows over a non-linearly stretching surface. In [9] , Lin and Chen presented an analytical exact solution of heat transfer from a continuous stretching surface with heat flux. Magyari and Keller [10, 11] studied boundary layer flows on a continuous stretching sheet and an exponentially stretching sheet, respectively. Vajravelu [12] analyzed the flow and heat transfer characteristics of viscous fluid over a nonlinearly stretching sheet. In [13] , the existence of a solution of the problem studied in [12] was given. Raptis and Perdikis [14] worked on viscous flow over a non-linearly stretching sheet in the presence of a chemical reaction and magnetic field. The effect of viscous dissipation on boundary layer flows over a nonlinearly stretching sheet was analyzed by Cortell [15] . Awang Kechil and Hashim [16] obtained approximate series solution of the problem studied in [14] . Hayat et al. [17] studied twodimensional mixed convection flow of a micropolar fluid over a non-linear stretching sheet.
Cortell [18] extended the study of [15] to include thermal radiation effects and the prescribed wall heat flux case. The influence of thermal radiation on the boundary layer flow due to an exponentially stretching sheet was studied by Sajid and Hayat [19] . The magnetohydrodynamic (MHD) flow of a micropolar fluid near a stagnation-point towards a non-linear stretching surface was recently investigated by Hayat et al. [20] . Very recently, Hayat et al. [21] investigated the MHD flow over a non-linear stretching sheet. The aim of the current work is to extend the work of [21] to include the effect of viscous dissipation. The effects of the various parameters of the problem on the velocity and temperature profiles are studied. 
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MATHEMATICAL MODEL
Consider the steady two-dimensional thermal boundary layer equations of the MHD viscous flow of an electrically conducting fluid over a nonlinearly stretching sheet at in the presence of an applied magnetic field normal to the stretching sheet:
(1)
subject to , , at ,
where, and are the velocity components of the fluids in the and directions, is the temperature, is the kinematic viscosity, is the thermal diffusion, is the specific heat of the fluid at constant pressure , is the electrical conductivity, is the velocity of the flow near the wall, is the wall temperature, and are the parameters related to the surface stretching speed. In Eq. (3), the external electric field and the polarization effects are assumed negligible and following [22] we take . We define non-dimensional parameter where is the far field stream temperature and is the heat transfer between the wall and the surrounding. By similarity transformations: 
,
subject to at ,
where , is the parameter that reflects magnetic electrically conductive fluid, the Prandtl and Eckert numbers are defined as and respectively.
SOLUTION APPROACH
In this section, we shall demonstrate the simple application of the Adomian decomposition method (ADM) [23, 24] to obtain an approximate analytical solution of (6)-(9). The ADM has been shown to be applicable to boundary-layer problems, cf. [16, 25, 26, 27, 28, 29] . First, we write (6) and (7) in the operator forms, ,
where and . Applying the inverse operators and to (10) and (11), respectively, and by employing the boundary conditions (8) gives ,
where and are to be determined. In ADM [23] , the nonlinear terms in (12)- (13) can be decomposed as, , , , ,
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where the Adomian polynomials are [24] , , , , , .
Now (10)- (11) become ,
, (15) Hence, we have the simple recursive Adomian algorithm for generating the individual terms of the series solution of (6)- (9), ,
, ,
and ,
For practical numerical computations, we shall use the finite -term approximation of and as, .
RESULTS AND DISCUSSION
The algorithm (16)- (20) is coded in the computer algebra package Maple and we employ Maple's built-in Pade approximants procedure [30] . The Maple environment variable Digits controlling the number of significant digits is set to 16 in all the calculations done in this paper. To achieve reasonable accuracy we obtain the 41-term approximation of and , i.e. and . In Table 1 , we recover the values of as given in [21] for the case and several values of . Clearly good convergence is observed. The values of and at different orders of the Pade approximants for , , and are presented in Table 2 . In Fig. 1 , we demonstrate the effect of on the velocity profiles in the case . Figure 2 shows the effect of on the velocity profiles for the case . Generally, the boundary layer thicknesses for the velocity profiles are thinning directly proportionate to an increase in or . A slight increment in or will cause faster deceleration of the flow. The effects of and on the temperature profiles are shown in Fig. 3 until Fig. 6 . Based on Fig.  3 and Fig. 4 , it can be seen that the boundary layers become thicker as or increases. The opposite trend is observed for the effects of or as depicted in Fig. 5 and Fig. 6 respectively. FIGURE 1. The effect of on the velocity profile for the case .
FIGURE 2.
The effect of on the velocity profile for the case .
